Respiratory failure and stimulation of glycolysis in Chinese hamster ovary cells exposed to normobaric hyperoxia.
Continuous exposure of Chinese hamster ovary (CHO) cells to an atmosphere of 98% O2, 2% CO2 (normobaric hyperoxia) leads within a period of several days to cytostasis and clonogenic cell death. Here we report respiratory failure as an important early symptom of oxygen intoxication in CHO cells, resulting in a more than 80% inhibition of oxygen consumption within 3 days of hyperoxic exposure. This inhibition appeared to be correlated with selective inactivation of three mitochondrial key enzymes, NADH dehydrogenase, succinate dehydrogenase, and alpha-ketoglutarate dehydrogenase. The latter enzyme controls the influx of glutamate into the Krebs cycle and is particularly critical for oxidative ATP generation in most cultured cells, which depends on exogenous glutamine rather than glucose as a carbon source. As expected, the inactivation of alpha-ketoglutarate dehydrogenase was correlated with a fall in cellular glutamine utilization, which became apparent from the first day of hyperoxic exposure. Thereafter, glucose utilization and lactate excretion started to increase, up to 3-fold, indicating a cellular response to respiratory failure aimed at increased ATP generation from glycolysis. However, in spite of this response, the cellular ATP level progressively decreased, up to 2.5-fold. Thus, killing of CHO cells by normobaric hyperoxia seems to be due to a severe disturbance of mitochondrial metabolism eventually leading to a depletion of cellular ATP pools.